
(12) United States Patent 
Geusic et al. 

US006496370B2 

(10) Patent N0.: 
(45) Date of Patent: 

US 6,496,370 B2 
*Dec. 17, 2002 

(54) STRUCTURE AND METHOD FOR AN 
ELECTRONIC ASSEMBLY 

(75) Inventors: Joseph E. Geusic, Berkeley Heights, 
NJ (US); Leonard Forbes, Corvallis, 
OR (US); Kie Y. Ahn, Chappaqua, NY 
(Us) 

(73) Assignee: Micron Technology, Inc., Boise, ID 
(Us) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

This patent is subject to a terminal dis 
claimer. 

(21) Appl. No.: 09/836,564 

(22) Filed: Apr. 17, 2001 

(65) Prior Publication Data 

US 2001/0026439 A1 Oct. 4, 2001 

Related US. Application Data 

(63) Continuation of application No. 09/143,729, ?led on Aug. 
31, 1998, now Pat. No. 6,219,237. 

(51) Int. Cl.7 ................................... .. H05K 7/20 

(52) US. Cl. .................... .. 361/699; 165/80.4; 257/714; 
361/701; 361/720 

(58) Field of Search ............................. .. 165/802, 80.4, 

165/805, 185; 174/151, 14 R, 257, 256; 
257/714, 276; 361/688—689, 699, 701_702, 

704_705, 707—708, 711, 715, 719_720, 
785; 439/66, 69, 485, 487 

4,081,701 A 3/1978 White, Jr. et a1. ........ .. 307/355 

(List continued on neXt page.) 

FOREIGN PATENT DOCUMENTS 

JP 4-133472 5/1992 
WO 94/05039 3/1994 

OTHER PUBLICATIONS 

Bedding?eld, C., et al., “Flip Chip Assembly of Motorola 
Fast Static RAM Known Good Die”, 1997 Proceedings, 
47th Electronic Components and Technology Conference, 
San Jose, CA, 643—648, (May 18—21, 1997). 
Blalock, T.N., et al., “A High—Speed Clamped Bit—Line 
Current—Mode Sense Ampli?er”, IEEE Journal of Solia'— 
State Circuits, 26 (4), 542—548, (Apr. 1991). 
Cao, L., et al., “A Novel “Double—Decker” Flip—Chip/BGA 
Package for LoW PoWer Giga—HertZ Clock Distribution”, 
1997 Proceedings, 47th Electronic Components and Tech 
nology Conference, San Jose, CA, 1152—1157, (May 18—21, 
1997). 

(List continued on neXt page.) 

Primary Examiner—Gregory Thompson 
(74) Attorney, Agent, or Firm—SchWegman, Lundberg, 
Woessner & Kluth, PA. 

(57) ABSTRACT 

An electronic assembly is provided. The electronic assembly 
includes a semiconductor interposer having ?rst and second 
surfaces. The semiconductor interposer also has cooling 
channels passing through the interposer betWeen the ?rst and 
second surfaces. The electronic assembly has at least one 
semiconductor chip disposed outWardly from the ?rst sur 
face of the semiconductor interposer and at least one semi 
conductor chip disposed outWardly from the second surface 
of the semiconductor interposer. The electronic assembly 
also has a number of electrical connections through the 
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STRUCTURE AND METHOD FOR AN 
ELECTRONIC ASSEMBLY 

This application is a Continuation of US. application 
Ser. No. 09/143,729, ?led Aug. 31, 1998, now US. Pat. No. 
6,219,237. 

FIELD OF THE INVENTION 

The present invention relates generally to integrated cir 
cuits. More particularly, it pertains to a structure and method 
for an electronic assembly. 

BACKGROUND 

Integrated circuits form the basis for many electronic 
systems. Essentially, an integrated circuit includes a vast 
number of transistors and other circuit elements that are 
formed on a single semiconductor Wafer or chip and are 
interconnected to implement a desired function. The com 
pleXity of these integrated circuits requires the use of an ever 
increasing number of linked transistors and other circuit 
elements. 

Many electronic systems are created through the use of a 
variety of different integrated circuits; each integrated circuit 
performing one or more speci?c functions. For example, 
computer systems include at least one microprocessor and a 
number of memory chips. Conventionally, each of these 
integrated circuits is formed on a separate Wafer or chips, 
packaged independently and interconnected on, for 
example, a printed circuit board. 
As integrated circuit technology progresses, there is a 

groWing desire for a “system on a chip” in Which the 
functionality of all of the integrated circuits of the system are 
packaged together Without a conventional printed circuit 
board. Ideally, a computing system Would be fabricated With 
all the necessary integrated circuits on one Wafer, as com 
pared With today’s method of fabricating many chips of 
different functions and packaging them to assemble a com 
plete system. Such a structure Would greatly improve inte 
grated circuit performance and provide higher bandWidth. 

In practice, it is very difficult With today’s technology to 
implement a truly high-performance “system on a chip” 
because of vastly different fabrication processes and differ 
ent manufacturing yields for the logic and memory circuits. 
As a compromise, various “system modules” have been 

introduced that electrically connect and package integrated 
circuit devices Which are fabricated on the same or on 

different semiconductor Wafers. Initially, system modules 
Were created by simply stacking tWo semiconductor chips, 
eg a logic and memory chip, one on top of the other in an 
arrangement commonly referred to as chip-on-chip (COC) 
structure. Chip-on-chip structure most commonly utiliZes 
micro bump bonding technology (MBB) to electrically 
connect the tWo chips. Several problems, hoWever, remain 
inherent With this design structure. One serious complication 
includes the heating Which occurs most seriously in con 
nection With a logic chip such as a microprocessor. In 
high-performance microprocessors, Where the microproces 
sor runs at a high speed, e.g., on the order of 500 MHZ, the 
microprocessor can dissipate a large quantity of heat such 
that cooling becomes a crucial issue. 

Thus, it is desirable to develop an improved structure and 
method for cooling integrated circuits in electronic systems. 
Additionally, the improved structure and method should 
accommodate a dense integration and packaging for semi 
conductor chips, e.g. logic and memory chips. 
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SUMMARY OF THE INVENTION 

The above mentioned problems With integrated circuits 
and other problems are addressed by the present invention 
and Will be understood by reading and studying the folloW 
ing speci?cation. An electronic assembly is formed around 
a semiconductor interposer With cooling channels that are 
formed through the semiconductor interposer. In some 
embodiments, the cooling channels are ?lled With a liquid or 
refrigerant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional vieW illustrating an electronic 
packaging assembly according to the teachings of the 
present invention. 

FIGS. 2a, 2b, 2c, 2d, and 2e are cross-sectional vieWs 
illustrating an electronic assembly according to the teach 
ings of the present invention at various points in the fabri 
cation process. 

FIG. 3 is a block diagram illustrating a computer system 
according to an embodiment of the present invention. 

FIG. 4 is a schematic diagram that illustrates an embodi 
ment of a semiconductor interposer With a pump/heat 
eXchanger coupled to cooling channels of the semiconductor 
interposer. 

DETAILED DESCRIPTION 

In the folloWing detailed description of the invention, 
reference is made to the accompanying draWings Which 
form a part hereof, and in Which is shoWn, by Way of 
illustration, speci?c embodiments in Which the invention 
may be practiced. In the draWings, like numerals describe 
substantially similar components throughout the several 
vieWs. These embodiments are described in suf?cient detail 
to enable those skilled in the art to practice the invention. 
Other embodiments may be utiliZed and structural, logical, 
and electrical changes may be made Without departing from 
the scope of the present invention. 

For purposes of this speci?cation, the terms “chip,” 
“Wafer” and “substrate” include any structure having an 
eXposed surface of semiconductor material With Which to 
form integrated circuit (IC) structures. These terms are also 
used to refer to semiconductor structures during processing, 
and may include other layers that have been fabricated 
thereupon. The terms include doped and undoped 
semiconductors, epitaXial semiconductor layers supported 
by a base semiconductor or insulator, as Well as other 
semiconductor structures Well knoWn to one skilled in the 
art. The term conductor is understood to include 
semiconductors, and the term insulator is de?ned to include 
any material that is less electrically conductive than the 
materials referred to as conductors. The folloWing detailed 
description is, therefore, not to be taken in a limiting sense. 
The term “horizontal” as used in this application is 

de?ned as a plane parallel to the conventional plane or 
surface of a Wafer or substrate, regardless of the orientation 
of the Wafer or substrate. The term “vertical” refers to a 
direction perpendicular to the horiZonal as de?ned above. 
Prepositions, such as “on,” “side” (as in “sideWall”), 
“higher”, “loWer,” “over” and “under” are de?ned With 
respect to the conventional plane or surface being on the top 
surface of the Wafer or substrate, regardless of the orienta 
tion of the Wafer or substrate. 

Throughout this speci?cation the designation “n+” refers 
to semiconductor material that is heavily doped n-type 
semiconductor material, e.g., monocrystalline silicon or 
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polycrystalline silicon. Similarly, the designation “p+” 
refers to semiconductor material that is heavily doped p-type 
semiconductor material. The designations “n—” and “p—” 
refer to lightly doped n and p-type semiconductor materials, 
respectively. 

FIG. 1 is a cross-sectional vieW illustrating an “electronic 
assembly” or “electronic system module” 100 according to 
the teachings of the present invention. The assembly 100 
includes a semiconductor interposer 110. Semiconductor 
interposer 110 is formed using semiconductor material, e.g., 
silicon, gallium arsenide, or other appropriate semiconduc 
tor material. The semiconductor interposer 110 includes ?rst 
and second opposite surfaces 115 and 120, respectively. The 
assembly 100 includes at least one semiconductor chip 125 
coupled to a Wiring layer 122 on the ?rst surface 115 of the 
interposer 110. In one exemplary embodiment, semiconduc 
tor chip 125 is a microprocessor chip. In another 
embodiment, semiconductor chip 125 includes any suitable 
logic chip. The semiconductor chip 125 includes a func 
tional circuit that is formed in a Working surface 118 of 
semiconductor chip 125. This Working surface 118 provides 
connection points for the integrated circuit of semiconductor 
chip 125 to be connected to the Wiring layer 122. 

The assembly 100 further includes at least one semicon 
ductor chip 130 that is coupled to a Wiring layer 121 on the 
second side 120 of the interposer 110. In one exemplary 
embodiment, semiconductor chip 130 includes a memory 
chip. The memory chip can include a dynamic random 
access memory (DRAM)-type chip. Likewise, the memory 
chip can include a static random access memory (SRAM) 
type chip or ?ash electrically erasable program read only 
memory (?ash EEPROM)-type chip or other appropriate 
memory chip. The semiconductor chip 130 includes a func 
tional circuit that is formed in a Working surface 119. This 
Working surface 119 provides connection points for the 
integrated circuit of semiconductor chip 130 to be connected 
to the Wiring layer 121. 

FIG. 1 illustrates that semiconductor chip 125 is coupled 
to the at least one semiconductor chip 130 by a number of 
electrical connections 135. Electrical connections 135 
include vias formed through the thickness of interposer 110. 
Electrical connections 135 may be formed using, for 
example, the techniques shoWn and described With respect 
to FIGS. 1—8 of co-pending application Ser. No. 08/917,443, 
entitled “Integrated Circuitry and Methods of Forming Inte 
grated Circuitry,” ?led on Aug. 22, 1997 or With respect to 
FIGS. 1—13 of application Ser. No. 08/917,449, entitled 
“Methods of Forming Coaxial Integrated Circuitry Intercon 
nect Lines, and Integrated Circuitry,” ?led on Aug. 22, 1997, 
Which applications are incorporated herein by reference. 

Interposer 110 includes a number of cooling channels 116 
that alloW for circulated liquid or refrigerant coolant to 
remove heat generated by semiconductor chips 125 and 130. 
For example, cooling channels 116 may be ?lled With Water, 
Freon, ethylene glycol (antifreeZe-type of solution), or other 
appropriate liquid for removing heat generated during opera 
tion of the integrated circuits. 

In one embodiment, interposer 110 is fabricated from ?rst 
and second semiconductor Wafers 112 and 114, respectively. 
Semiconductor Wafers 112 and 114 may comprise, for 
example, rejected silicon Wafers Which have been recycled 
from the front-end of the semiconductor fabrication process. 
Alternatively, other semiconductor materials can be used to 
fabricate interposer 110. 

Cooling channels 116 are formed by etching trenches in 
surfaces of semiconductor Wafers 112 and 114, respectively. 
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4 
The surfaces of semiconductor Wafers 112 and 114 contain 
ing the trenches are bonded together so as to form the 
cooling channels 116 using, for example, the technique 
described beloW With respect to FIGS. 2a, 2b, 2c, 2d, and 2e. 
Advantageously, cooling channels 116 provide for increased 
capability in dissipating heat from integrated circuits such as 
microprocessors that operate at high speeds. This alloWs the 
high speed microprocessors to be coupled With other inte 
grated circuits, such as memory devices, through semicon 
ductor interposer 110 and to produce a smaller system than 
is available conventionally in the art. 

FIGS. 2a, 2b, 2c, 2d, and 2e are cross sectional vieWs of 
an electronic assembly at various points during the fabrica 
tion process according to the teachings of the present 
invention. Electronic assembly 200 begins With ?rst and 
second semiconductor Wafers 202 and 204 as shoWn in FIG. 
2a. In one embodiment, ?rst and second semiconductor 
Wafers 202 and 204 comprise N-type silicon Wafers that are 
polished ?at and parallel. These Wafers may be rejected 
silicon Wafers that have been recycled. Wafer 202 has ?rst 
and second opposite surfaces 206 and 208, respectively. 
Similarly, semiconductor Wafer 204 includes ?rst and sec 
ond opposite surfaces 210 and 212, respectively. 
As shoWn in FIG. 2b, the cooling channels of interposer 

200 are formed initially by creating trenches in opposing 
surfaces of semiconductor Wafers 202 and 204. Speci?cally, 
trenches 214 are formed in surface 208 of semiconductor 
Wafer 202. Similarly, trenches 216 are formed in surface 210 
of semiconductor Wafer 204. These trenches are formed, for 
example, using an anodic etching process Which provides a 
highly anisotropic and controllable method. An acceptable 
process is described in V. Lehman, “The Physics of Macro 
pote Formation in LoW Doped N-type Silicon”, J. Electro 
chem. Soc., Vol. 140, No. 10, October 1993, pages 
2836—2843, Which is incorporated by reference. Other 
appropriate etching techniques for creating trenches in semi 
conductor Wafers can also be used. 

Trenches 214 and 216 are formed in their respective 
semiconductor Wafers, 202 and 204, such that When the 
Wafers are aligned, the trenches 214 and 216 form cooling 
channels as shoWn in FIG. 2c. Wafers 202 and 204 are 
bonded in vacuum using, for example, a process described 
in U. Gosele et al., “Self-Propagating Room Temperature 
Silicon Wafer Bonding in Ultrahigh Vacuum”, Appl. Phys. 
Lett., 87 (24), Dec. 11, 1995, pages 3614—3616, Which is 
incorporated by reference. Using this vacuum bonding 
process, surfaces 208 and 210 are annealed at a temperature 
of 600° C. to 800° C. in vacuum to drive off hydrogen from 
the semiconductor, e.g., silicon, surfaces prior to bonding. 
The bond strength obtained using this process is approxi 
mately on the order of bulk semiconductor material. It is 
noted that other appropriate bonding techniques for coupling 
semiconductor Wafers can also be used. When bonded, 
trenches 214 and 216 are aligned so as to form cooling 
channels 218 Within interposer 200. 
As shoWn in FIG. 2d, interconnect 220 is formed through 

Wafers 202 and 204 to alloW interconnection of semicon 
ductor Wafers housing integrated circuits that are disposed 
adjacent to surfaces 206 and 212. For example, via 211 may 
be formed through semiconductor Wafers 202 and 204 using 
the technique described in the Lehman reference incorpo 
rated above. Further, a loW pressure chemical vapor depo 
sition is used to form thin insulating silicon nitride ?lm 222 
on Walls 224 of the via 211 and on surfaces 206 and 212 of 
Wafers 202 and 204, respectively. Further, a polysilicon 
substitution technique is used to form interconnect 220 in 
via 211. Such a process is described in H. Horie et al., 
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“Novel High Aspect Ratio Aluminum Plug for Logic/ 
DRAM LSI’s Using Polysilicon-Aluminum Substitute,” 
Dig. IEEE Int. Electron Device Meeting, San Francisco, 
pages 946—948, 1996, Which is incorporated herein by 
reference. This technique alloWs aluminum or other appro 
priate conductive material to ?ll a high aspect ratio via 211 
running betWeen surfaces 206 and 212. Other appropriate 
techniques may be used to form interconnects betWeen 
surfaces 206 and 212. 

As shoWn in FIG. 26, Wiring layers 226 and 228 are 
formed outWardly from surfaces 206 and 212, respectively. 
These Wiring layers are deposited and patterned to enable 
connections to interconnect 220 and further to integrated 
circuits as shoWn in FIG. 1 using techniques such as solder 
bump bonding and to an integrated circuit package by Wire 
bonds. It is noted that Wire layers 226 and 228 are shoWn as 
a single level metalliZation. HoWever, such Wiring layers 
may comprise multiple levels of Wiring using, for example, 
a combination of loW resistivity copper and loW permitivity 
polyimide to build high-performance multi level structures. 
It is also noted that a number of interconnects 220 may be 
formed through semiconductor Wafers 202 and 204 as 
needed for a particular interconnection of semiconductor 
integrated circuits that are to be coupled to interposer 200 at 
surfaces 206 and 212. 

FIG. 3 is a block diagram illustrating a computer system 
300 according to an embodiment of the present invention. 
The computer system 300 includes an electronic system 305. 
The electronic system 305 includes a number of integrated 
circuits formed on semiconductor Wafers that are intercon 
nected through, and disposed on, surfaces of a semiconduc 
tor interposer. The semiconductor interposer includes a 
number of cooling channels such as the electronic system 
shoWn and described With respect to FIG. 1. The computer 
system 300 includes a number of external devices 310. The 
number of external devices 310 include, for example, hard 
Ware interfaces, input/output devices, a display screen and 
other appropriate components of a computer system. The 
computer system 300 includes a system bus 320. The system 
bus 320 couples the number of external devices 310 to the 
electronic system 305. 

FIG. 4 is a schematic diagram that illustrates an embodi 
ment of a semiconductor interposer 400. Semiconductor 
interposer 400 includes cooling channel 402. Cooling chan 
nel 402 includes a number of parallel channels 404 that are 
selectively coupled by end channels 406 to form a continu 
ous channel from inlet 408 to outlet 410. Semiconductor 
interposer 400 is coupled to heat dissipation device 412 by 
plastic tubing 414 and 416. Device 412 may comprise, for 
example, a miniature electro-mechanical pump and heat 
exchanger for circulating liquids such as Water or antifreeZe 
solutions such as ethylene glycol. Alternatively, device 412 
may comprise a miniature compressor and heat exchanger 
for circulating Freon-type refrigerants. 

Conclusion 

An improved structure and method for interconnecting 
different integrated circuits formed on separate semiconduc 
tor Wafers is provided. This improved structure includes a 
semiconductor interposer having cooling channels formed 
through a center portion of the interposer. These cooling 
channels can be ?lled With a liquid or refrigerant in order to 
dissipate heat generated by one or more of the integrated 
circuits. 

In particular, an illustrative embodiment of the present 
invention includes an electronic assembly. The electronic 
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assembly includes a semiconductor interposer having ?rst 
and second surfaces and having cooling channels passing 
through the interposer betWeen the ?rst and second surfaces. 
At least one semiconductor chip is disposed outWardly from 
the ?rst surface of the semiconductor interposer. At least one 
semiconductor chip is disposed outWardly from the second 
surface of the semiconductor interposer. A number of elec 
trical connections are formed through the semiconductor 
interposer. The number of electrical connections couple the 
semiconductor chips disposed outWardly from the ?rst and 
second surfaces of the semiconductor interposer. 

In another embodiment, an electronic system module is 
provided. The electronic system module includes a semi 
conductor interposer having ?rst and second opposing sur 
faces and having cooling channels passing through the 
interposer betWeen the ?rst and second opposing surfaces. A 
Wiring layer is formed on at least one of the opposing 
surfaces of the semiconductor interposer. A number of 
semiconductor chips are disposed outWardly from at least 
one of the surfaces of the semiconductor interposer and 
interconnected using the Wiring layer. Each semiconductor 
chip has a Working surface containing an integrated circuit 
that is coupled to the Wiring layer. 

In another embodiment, a computer system is provided. 
The computer system includes an electronic assembly. The 
electronic assembly includes a semiconductor interposer 
having ?rst and second surfaces and having cooling chan 
nels passing through the interposer betWeen the ?rst and 
second surfaces. The electronic assembly further includes a 
number of semiconductor chips disposed outWardly from at 
least one of the surfaces of the semiconductor interposer and 
interconnected With each other. The computer system further 
includes a number of external devices. Asystem bus couples 
the electronic assembly to the number of external devices. 

In another embodiment, a method for forming an elec 
tronic system is provided. The method includes forming 
trenches in Working surfaces of ?rst and second semicon 
ductor Wafers. The method includes bonding the Wafers 
together such that the trenches align to form cooling chan 
nels for a semiconductor interposer. The cooling channels 
are ?lled With a liquid. AWiring layer is formed on at least 
one surface of the semiconductor interposer. Integrated 
circuits from a number of semiconductor Wafers are coupled 
together With the Wiring layer. 

In another embodiment, an electronic system module is 
provided. The electronic system module includes a semi 
conductor interposer having ?rst and second opposing sur 
faces and having cooling channels passing through the 
interposer betWeen the ?rst and second opposing surfaces. 
The cooling channels are ?lled With a liquid. Portions of a 
Wiring layer are formed on the ?rst and second opposing 
surfaces of the semiconductor interposer. The Wiring layer 
includes a number of electrical connections extending 
through the semiconductor interposer. A number of semi 
conductor chips are disposed outWardly from at least one of 
the surfaces of the semiconductor interposer and intercon 
nected using the Wiring layer. Each semiconductor chip has 
a Working surface containing an integrated circuit that is 
coupled to the Wiring layer. 

In another embodiment, a semiconductor interposer is 
provided. The semiconductor interposer includes a ?rst 
semiconductor Wafer having a Working surface. The semi 
conductor interposer further includes a second semiconduc 
tor Wafer having a Working surface. A number of trenches 
are formed in at least one of the Working surfaces of the ?rst 
and second semiconductor Wafers. The ?rst and second 
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semiconductor Wafers are bonded together such that the 
trenches form cooling channels for the semiconductor inter 
poser. 

In another embodiment, a semiconductor interposer is 
provided. The semiconductor interposer includes a ?rst 
semiconductor Wafer having a Working surface and a Wiring 
surface. The semiconductor interposer also includes a sec 
ond semiconductor Wafer With a Working surface and a 
Wiring surface. A number of trenches are formed in the 
Working surfaces of the ?rst and second semiconductor 
Wafers. The Working surfaces of the ?rst and second semi 
conductor Wafers are bonded together such that the trenches 
from the ?rst semiconductor Wafer align With the trenches of 
the second semiconductor Wafer to form cooling channels 
for the semiconductor interposer. A Wiring layer is formed 
on the Wiring surfaces of the ?rst and second semiconductor 
Wafers. 

In another embodiment, a semiconductor interposer is 
provided. The semiconductor interposer includes a layer of 
semiconductor material. A number of cooling channels are 
formed through the layer of semiconductor material. The 
cooling channels are ?lled With a liquid. 

In another embodiment, an electronic system module is 
provided. The electronic system module includes a semi 
conductor interposer having ?rst and second opposing sur 
faces and having cooling channels passing through the 
interposer betWeen the ?rst and second opposing surfaces. 
The semiconductor interposer is formed from ?rst and 
second Wafers of semiconductor material. The cooling chan 
nels are ?lled With a liquid. A Wiring layer is also provided 
that has portions that are formed on the ?rst and second 
opposing surfaces of the semiconductor interposer. The 
Wiring layer includes a number of electrical connections 
extending through the semiconductor interposer. A number 
of semiconductor chips are disposed outWardly from at least 
one of the surfaces of the semiconductor interposer and 
interconnected using the Wiring layer. Each semiconductor 
chip has a Working surface containing an integrated circuit 
that is coupled to the Wiring layer. The number of semicon 
ductor chips include a microprocessor and a memory device. 

In another embodiment, a method for forming a semicon 
ductor interposer is provided. The method includes forming 
trenches in Working surfaces of ?rst and second semicon 
ductor Wafers. The method further includes bonding the 
Wafers together such that the trenches align to form cooling 
channels. AWiring layer is formed on at least one surface of 
the semiconductor Wafers. 

Although speci?c embodiments have been illustrated and 
described herein, it Will be appreciated by those of ordinary 
skill in the art that any arrangement Which is calculated to 
achieve the same purpose may be substituted for the speci?c 
embodiment shoWn. This application is intended to cover 
any adaptations or variations of the various illustrative 
embodiments described herein. It is to be understood that the 
description is intended to be illustrative, and not restrictive. 
Combinations of the above embodiments, and other embodi 
ments Will be apparent to those of skill in the art upon 
revieWing the description contained herein. The scope of the 
invention includes any other applications in Which the above 
structures and fabrication methods are used. 

For example, FIG. 1 shoWs just tWo integrated circuits 
(semiconductor chips 125 and 130) coupled to interposer 
110 in electronic assembly 100. It is understood that the 
number of integrated circuits and semiconductor chips that 
are coupled to an interposer can be varied to meet the needs 
of a speci?c application. Further, the cooling channels can 
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be formed from trenches in only one of the semiconductor 
Wafers used to create the semiconductor interposer. 
Alternatively, the semiconductor Wafers of the interposer 
may be formed such that their respective trenches selectively 
align or do not align With the trenches in the other semi 
conductor Wafer. Semiconductor Wafers can also be coupled 
to a Wiring layer on only one side of the semiconductor 
interposer. 
What is claimed is: 
1. An electronic assembly, comprising: 
a semiconductor Wafer having ?rst and second surfaces 

and having cooling channels passing through the Wafer 
betWeen the ?rst and second surfaces; 

at least one integrated circuit disposed outWardly from the 
?rst surface of the semiconductor Wafer; 

at least one integrated circuit disposed outWardly from the 
second surface of the semiconductor Wafer; and 

a number of electrical connections through the semicon 
ductor Wafer Wherein the number of electrical connec 
tions couple the integrated circuits disposed outWardly 
from the ?rst and second surfaces of the semiconductor 
Wafer. 

2. The electronic assembly of claim 1, Wherein the at least 
one integrated circuit disposed outWardly from the ?rst 
surface of the semiconductor Wafer includes a memory 
integrated circuit. 

3. The electronic assembly of claim 2, Wherein the 
memory integrated circuit is a DRAM integrated circuit. 

4. The electronic assembly of claim 1, Wherein the at least 
one integrated circuit disposed outWardly from the ?rst 
surface of the semiconductor Wafer includes a microproces 
sor integrated circuit. 

5. The electronic assembly of claim 1, Wherein the cooling 
channels are ?lled With a liquid. 

6. The electronic assembly of claim 1, Wherein the cooling 
channels are ?lled With a refrigerant. 

7. The electronic assembly of claim 1, Wherein the semi 
conductor Wafer further comprises ?rst and second semi 
conductor Wafers that are bonded together. 

8. The electronic assembly of claim 7, Wherein the ?rst 
and the second semiconductor Wafers each include trenches 
formed in a Working surface thereof such that the trenches 
align to form the cooling channels of the bonded semicon 
ductor Wafer. 

9. The electronic assembly of claim 1, and further includ 
ing a heat dissipation device coupled to the cooling chan 
nels. 

10. The electronic assembly of claim 9, Wherein the heat 
dissipation device comprises a heat eXchanger and a pump. 

11. The electronic assembly of claim 9, Wherein the heat 
dissipation device comprises a heat eXchanger and a com 
pressor. 

12. An electronic system module, comprising: 
a semiconductor Wafer having ?rst and second opposing 

surfaces and having cooling channels passing through 
the Wafer betWeen the ?rst and second opposing sur 
faces; 

a Wiring layer formed on at least one of the opposing 
surfaces of the semiconductor Wafer; 

a number of semiconductor chips disposed outWardly 
from at least one of the opposing surfaces of the 
semiconductor Wafer and interconnected to the at least 
one of the opposing surfaces using the Wiring layer; and 

each semiconductor chip having a Working surface con 
taining an integrated circuit that is coupled to the 
Wiring layer. 
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13. The electronic system module of claim 12, and further 
comprising a number of semiconductor chips disposed out 
Wardly from both the ?rst and the second opposing surfaces, 
a number of electrical connections extending through the 
semiconductor Wafer, the number of electrical connections 
coupling the number of semiconductor chips on each oppos 
ing surface of the semiconductor Wafer together. 

14. The electronic system module of claim 12, Wherein 
the number of semiconductor chips include a microproces 
sor and a memory device. 

15. The electronic system module of claim 12, Wherein 
the cooling channels are ?lled With a liquid. 

16. The electronic system module of claim 12, Wherein 
the cooling channels are ?lled With a refrigerant. 

17. The electronic system module of claim 12, Wherein 
the semiconductor Wafer further comprises ?rst and second 
semiconductor Wafers that are bonded together to form an all 
silicon structure. 

18. The electronic system module of claim 17, Wherein 
the ?rst and the second semiconductor Wafers each include 
trenches formed in a Working surface thereof such that the 
trenches align to form the cooling channels of the bonded 
silicon structure. 

19. The electronic system module of claim 12, and further 
including a heat dissipation device coupled to the cooling 
channels. 

20. The electronic system module of claim 19, Wherein 
the heat dissipation device comprises a heat exchanger and 
a pump. 

21. The electronic system module of claim 19, Wherein 
the heat dissipation device comprises a heat exchanger and 
a compressor. 

22. A computer system, comprising: 
an electronic assembly, the electronic assembly including: 

a semiconductor Wafer having ?rst and second surfaces 
and having cooling channels passing through the 
Wafer betWeen the ?rst and second surfaces, and 

a number of semiconductor chips disposed outWardly 
from both the ?rst and second surfaces and electri 
cally interconnected through the semiconductor 
Wafer, 

a number of external devices; and 
a system bus, Wherein the system bus couples the elec 

tronic assembly to the number of external devices. 
23. The computer system of claim 22, Wherein the number 

of semiconductor chips includes a memory chip. 
24. The computer system of claim 23, Wherein the 

memory chip is a DRAM chip. 
25. The computer system of claim 22, Wherein the number 

of semiconductor chips includes a microprocessor chip. 
26. The computer system of claim 22, Wherein the cooling 

channels are ?lled With a liquid. 
27. The computer system of claim 22, Wherein the cooling 

channels are ?lled With a refrigerant. 
28. The computer system of claim 22, Wherein the semi 

conductor Wafer further comprises ?rst and second semi 
conductor Wafers that are bonded together to form an all 
silicon structure. 

29. The computer system of claim 28, Wherein the ?rst 
and the second semiconductor Wafers each include trenches 
formed in a Working surface thereof such that the trenches 
align to form the cooling channels of the bonded all silicon 
structure. 

30. The computer system of claim 22, and further includ 
ing a heat dissipation device coupled to the cooling chan 
nels. 

31. The computer system of claim 30, Wherein the heat 
dissipation device comprises a heat exchanger and a pump. 

10 
32. The computer system of claim 30, Wherein the heat 

dissipation device comprises a heat exchanger and a com 
pressor. 

33. A method for forming an electronic system, the 
5 method comprising: 

forming trenches in Working surfaces of ?rst and second 
semiconductor Wafers; 

bonding the Wafers together such that the trenches align to 
form cooling channels for an all silicon structure 
formed of the ?rst and the second semiconductor 
Wafers; 

?lling the cooling channels With a liquid; 
forming a Wiring layer on at least one surface of the all 

silicon structure formed of the ?rst and the second 
semiconductor Wafers; and 

coupling integrated circuits from a number of additional 
semiconductor Wafers, attached to the all silicon struc 
ture formed of the ?rst and the second semiconductor 
Wafers, together With the Wiring layer. 

34. The method of claim 33, and Wherein ?lling the 
cooling channels With a liquid comprises ?lling the cooling 
channels With a refrigerant. 

35. The method of claim 33, Wherein coupling the inte 
grated circuits from a number of additional semiconductor 
Wafers, attached to the all silicon structure formed of the ?rst 
and the second semiconductor Wafers, together includes 
coupling a microprocessor chip to the Wiring layer. 

36. The method of claim 33, Wherein coupling the inte 
grated circuits from a number of additional semiconductor 
Wafers, attached to the all silicon structure formed of the ?rst 
and the second semiconductor Wafers, together includes 
coupling a memory chip to the Wiring layer. 

37. The method of claim 33, and Wherein forming the 
Wiring layer includes: 

forming a ?rst layer on a ?rst surface of the all silicon 
structure formed of the ?rst and the second semicon 
ductor Wafers; 

forming a second layer on a second surface of the all 
silicon structure formed of the ?rst and the second 
semiconductor Wafers; and 

forming vias through the all silicon structure formed of 
the ?rst and the second semiconductor Wafers in order 
to selectively connect the ?rst and second layers on 
opposing sides of the all silicon structure formed of the 
?rst and the second semiconductor Wafers. 

38. The method of claim 33, Wherein the channels are 
?lled With liquid after the integrated circuits are coupled to 
the Wiring layer. 

39. The method of claim 33, and further comprising 
coupling a heat exchanger and a compressor to the cooling 
channels. 

40. The method of claim 33, and further comprising 
coupling a hear exchanger and a pump to the cooling 
channels. 

41. An electronic system module, comprising: 
a semiconductor Wafer having ?rst and second opposing 

surfaces and having cooling channels passing through 
the Wafer betWeen the ?rst and second opposing sur 
faces; 

Wherein the cooling channels are ?lled With a liquid; 
a Wiring layer having portions formed on the ?rst and 

second opposing surfaces of the semiconductor Wafer; 
the Wiring layer including a number of electrical connec 

tions extending through the semiconductor Wafer; 
a number of semiconductor chips disposed outWardly 

from at least one of the surfaces of the semiconductor 
Wafer and interconnected using the Wiring layer; and 
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each semiconductor chip having a Working surface con 
taining an integrated circuit that is coupled to the 
Wiring layer. 

42. The electronic system module of claim 41, Wherein 
the liquid is a refrigerant. 

43. The electronic system module of claim 41, Wherein 
the semiconductor Wafer further comprises ?rst and second 
semiconductor Wafers that are bonded together to form an all 
silicon structure. 

44. The electronic system module of claim 41, Wherein 
the ?rst and the second semiconductor Wafers each include 
trenches formed in a Working surface thereof such that the 
trenches align to form the cooling channels of the bonded 
semiconductor Wafer. 

45. The electronic system module of claim 41, Wherein 
the number of semiconductor chips include a microproces 
sor and a memory device. 

46. The electronic system module of claim 41, and further 
including a heat dissipation device coupled to the cooling 
channels. 

47. The electronic system module of claim 46, Wherein 
the heat dissipation device comprises a heat eXchanger and 
a pump. 

48. The electronic system module of claim 46, Wherein 
the heat dissipation device comprises a heat eXchanger and 
a compressor. 

49. A bounded silicon structure, comprising: 
a ?rst semiconductor Wafer having a Working surface; 

a second semiconductor Wafer having a Working surface; 
a number of trenches formed on opposite sides of the 
Working surfaces of the ?rst and second semiconductor 
Wafers; and 

Wherein the ?rst and second semiconductor Wafers are 
bonded together to form the bounded silicon structure 
and such that the trenches are aligned to form cooling 
channels through the bounded silicon structure. 

50. A bounded silicon structure, comprising: 
a ?rst semiconductor Wafer having a Working surface and 

a Wiring surface; 
a second semiconductor Wafer having a Working surface 

and a Wiring surface; 
a number of trenches formed in the Working surfaces of 

the ?rst and second semiconductor Wafers; 
Wherein the Working surfaces of the ?rst and second 

semiconductor Wafers are bonded together to form the 
bounded silicon structure such that the trenches from 
the ?rst semiconductor Wafer align With the trenches of 
the second semiconductor Wafer to form cooling chan 
nels through the bounded silicon structure; and 
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a Wiring layer formed on the Wiring surfaces of the ?rst 

and second semiconductor Wafers. 
51. An electronic system module, comprising: 
a semiconductor Wafer having ?rst and second opposing 

surfaces and having cooling channels passing through 
the interposer betWeen the ?rst and second opposing 
surfaces; 

Wherein the semiconductor Wafer is formed from ?rst and 
second Wafers of semiconductor material bonded 
together; 

Wherein the cooling channels are ?lled With a liquid; 

a Wiring layer having portions formed on the ?rst and 
second opposing surfaces of the semiconductor Wafer; 

the Wiring layer including a number of electrical connec 
tions extending through the semiconductor Wafer; 

a number of semiconductor chips disposed outWardly 
from at least one of the surfaces of the semiconductor 
Wafer and interconnected using the Wiring layer; 

each semiconductor chip having a Working surface con 
taining an integrated circuit that is coupled to the 
Wiring layer; and 

Wherein the number of semiconductor chips include a 
microprocessor and a memory device. 

52. A method for forming a bounded silicon structure, the 
method comprising: 

forming trenches in Working surfaces of ?rst and second 
semiconductor Wafers; 

bonding the Wafers together to form the bounded silicon 
structure such that the trenches align to form cooling 
channels in the bounded silicon structure; and 

forming a Wiring layer on at least one surface of the 
semiconductor Wafers Which is on an opposing side 
from the Working surfaces. 

53. The method of claim 52, Wherein forming trenches 
comprises forming trenches using an anodic etching process. 

54. The method of claim 52, Wherein bonding the Wafers 
comprises using a vacuum bonding process. 

55. The method of claim 52, Wherein forming the Wiring 
layer comprises: 

forming a ?rst layer on a surface opposing the Working 
surface of the ?rst semiconductor Wafer; 

forming a second layer on a surface opposing the Working 
surface of the second semiconductor Wafer; and 

forming vias through the bounded silicon structure in 
order to selectively connect the ?rst and second layers. 

* * * * * 


